Background: The goal of this study was to analyze the relationship between exercise frequency and all-cause mortality for individuals diagnosed with and without diabetes mellitus (DM). Methods: We analyzed data for 505,677 participants (53.9% men) in the National Health Insurance Service-National Health Screening (NHIS-HEALS) cohort. The study endpoint variable was all-cause mortality. Results: Frequency of exercise and covariates including age, sex, smoking status, household income, blood pressure, fasting glucose, body mass index, total cholesterol, and Charlson comorbidity index were determined at baseline. Cox proportional hazard regression models were developed to assess the effects of exercise frequency (0, 1-2, 3-4, 5-6, and 7 days per week) on mortality, separately in individuals with and without DM. We found a U-shaped association between exercise frequency and mortality in individuals with and without DM. However, the frequency of exercise associated with the lowest risk of all-cause mortality was 3-4 times per week (hazard ratio [HR], 0.69; 95% confidence interval [CI], in individuals without DM, and 5-6 times per week in those with DM (HR, 0.93; 95% CI, 0.78-1.10). Conclusion: A moderate frequency of exercise may reduce mortality regardless of the presence or absence of DM; however, when compared to those without the condition, people with DM may need to exercise more often.
INTRODUCTION
Diabetes mellitus (DM) is one of the most common chronic diseases worldwide. 1 In the UK, the number of people who had DM was found to be 3.1 million in 2011 1 ; and in Scotland, 9.6% of people were diagnosed with DM in 2008. 2 The prevalence of diagnosed and undiagnosed DM was 8.6% and 0.9%, respectively. 3 In the Japanese population in 1991, 1996, 2001, 2006 , and 2011, the prevalence of DM increased among men (6.0%, 8.9%, 10.0%, 10.8%, and 12.0%) and women (3.3%, 4.5%, 4.2%, 4.1%, and 5.1%). 4 In Korea, between 2002 and 2004, 29,787 of 1,025,340 people (15,625 men and 14,162 women) were diagnosed with DM. In Korea, the prevalence of DM increased from 8.6% in 2001 to 11.0% in 2013. 5, 6 People with DM showed significantly higher risk of mortality than those without DM. 7, 8 An inverse association of total mortality was identified for the overall physical activity level. 9- 11 In a retrospective cohort study of Korean men, both regular physical activity and fitness were reported to be associated with lower mortality, but fitness was not associated with mortality among men who regularly engaged in physical activity. 12 However, there are a few studies which examine the association between physical activity and mortality by comparing groups with and without DM. Therefore, we investigated the association between physical activity and mortality among people with and without DM by analyzing a large cohort data in Korea.
METHODS

Study participants
In this study, we analyzed data from the National Health Insurance Service-Health Screening (NHIS-HEALS) cohort from 2002 to 2013, which were released by the National Health Insurance Service (NHIS). 13 The NHIS-HEALS cohort comprised a nationally representative random sample of 514,795 individuals, which accounted for 10% of the entire population who were aged between 40-79 years in 2002 and 2003. The NHIS-HEALS data were built by using probabilistic sampling to represent an individual defined by age, sex, eligibility status (employed or self-employed), and household income levels from Korean residents in 2002 and 2003. This database has eligibility and demographic information regarding health services as well as data on medical aid beneficiaries, medical bill details, medical treatment, medical history, and prescriptions. The participants were followed up for 12 years from 2002 to 2013. For this research, we excluded participants with missing data on DM status (yes/no) and body mass index (BMI, kg/m 2 ) and those who died during the first 3 years of the followup period, leaving 505,677 participants for analysis.
Measurements
Frequency of exercise was determined at study entry with a questionnaire. Participants were requested to estimate the exercise frequency per week at baseline, and were classified as exercising on 0, 1-2, 3-4, 5-6, and 7 days per week. Within this study, DM was defined as either receiving diabetes treatment or having a fasting blood glucose greater than or equal to 126 mg/dL. Smoking, drinking, and medical history were assessed using a self-administered questionnaire at baseline. Based on the responses, the individuals were categorized as nonsmoker, past smoker, and current smoker. Household income levels were divided into five groups as 0-2 (lowest level), 3-4, 5-6, 7-8, and 9-10 (highest level). We calculated BMI as weight in kilograms per square meter of height (kg/m 2 ). Hypercholesterolemia was defined as total cholesterol > 240 mg/dL. Hypertension was identified by systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, or those taking antihypertensive medication. To control the effects of concomitant disorders, we used Charlson comorbidity index (CCI) which was originally developed to predict 1-year mortality using comorbidity data obtained from hospital chart review. We calculated CCI score using International Classification of Diseases, 10th revision (ICD-10) codes represent 17 conditions for each participant, under which scores 1, 2, 3, or 6 are determined according to severity of the condition. 14 Information on death (date and cause of death) from Statistics Korea was individually linked using unique personal identification numbers.
Statistical analysis
Cox proportional hazard regression was used to compare the calculated hazard ratio (HR) of the group identified as having DM versus the group without DM. Continuous variables were age, BMI, total cholesterol, fasting glucose, systolic blood pressure, and diastolic blood pressure. Categorical variables were sex, frequency of exercise, household income, smoking, hypercholesterolemia, hypertension, and CCI. We studied three sequentially adjusted models for each result. Model 1 was used to estimate single effects of DM status and exercise frequency per week at baseline on the risk of mortality. For total mortality, model 2 was additionally adjusted for age and sex. In addition to age and sex, model 3 also adjusted for smoking, BMI, and CCI at baseline. We performed all statistical analyses using SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA) and, the results were considered significant if their P value was < 0.05.
Ethics statement
The study protocol was approved by the Yonsei University Health System, Severance Hospital, Institutional Review Board (IRB No. 4-2016-0496). Informed consent was waived by the board.
RESULTS
Among the 505,677 participants, 10.8% (n = 55,439) had DM at baseline and 89.2% (n = 50,238) did not have DM at baseline ( Table 1) . DM group tended to have lower household income, higher blood cholesterol, higher blood pressure, and more comorbidities than non-DM group. Baseline characteristics are also presented by sex in Supplementary Table 1. Men had higher fasting blood glucose and higher blood pressure, but lower blood cholesterol compared to women. Household income, exercise frequency, and smoking rate were also higher in men than in women. Table 2 describes the baseline characteristics of the participants according to frequency of exercise. Of these, 232,315 (57.50%) did not exercise at all. Number of people who did exercise, 1-2, 3-4, 5-6, and 7 days per week was 116,389 (23.71%), 45,447 (9.26%), 12,881 (2.62%), and 33,927 (6.91%), respectively. People with higher exercise frequency tended to be male, be older, and have higher household income.
During the 12 years of follow-up, 31,264 deaths were observed. People with DM had significantly higher risk of mortality than those without DM. In addition, the HR for total mortality among participants according to frequency of exercise showed a U-shaped relationship. However, people who perform exercise at any frequency had significantly lower mortality, compared to those who did not exercise at all. The lowest HR for mortality was observed among people who exercise 3-4 times per week (Table 3) . However, when we limited our analysis to people with DM, the lowest HR for mortality was observed at exercise frequency of 5-6 times per week ( Table 4) . Fig. 1 shows mortality risk for 10 combined categories based on DM diagnosis and exercise frequency. The highest mortality was observed in people with DM and no exercise, and the lowest mortality was observed in people without DM and 3-4 exercises per week. The relationship between exercise frequency and mortality was found to be U-shaped in both diabetic and non-diabetic participants. However, the frequency of exercise with the lowest mortality rate varied depending on whether or not diabetes was present. The lowest relative mortality was observed among people who exercise 5-6 times per week (HR, 0.93) in the DM group, but among those who exercise 3-4 times per week (HR, 0.69) in the non-DM group.
DISCUSSION
In this large and representative cohort study of the Korean population, we observed a joint association between frequency of exercise for all-cause mortality in adults with and without DM. When compared to participants without DM, those with DM had a higher risk of allcause mortality.
It has been reported that regular exercise can decrease the risk of mortality in people without DM as well as in people with DM. 8, 15 The unique finding of this study is that the most beneficial frequency of exercise may differ for people with and without DM. In our study, 6 ,106 (18.00) Data presented as mean ± standard deviation or number (%). BMI = body mass index, FBS = fasting blood sugar, SBP = systolic blood pressure, DBP = diastolic blood pressure, CCI = Charlson comorbidity index. the lowest mortality was observed for people exercising 5-6 days per week in DM group, but for people exercising 3-4 days per week in non-DM group. It is also notable that the people with DM who exercised 5-6 times per week showed lower mortality than those without DM who did not exercise. It implies that even if people have DM, they can enjoy a long lifespan through maintaining a proper lifestyle and medical treatment.
Our study is in line with previous studies which have reported a U-shaped relationship between physical activity and mortality. 16-21 Our study also showed U-shaped curves not only in the DM group but also in the non-DM group; these associations of exercise frequency with all-cause mortality compared to the reference group, who did not exercise, suggest that moderate frequency of exercise is indeed beneficial. The moderate physical activity for at least 150 minutes per week was related with significant decreased in all-cause mortality. 22 Physically inactive adults are strongly recommended to increase their activity and to begin regular exercise. However, people who are already at high-activity levels do not need to reduce exercise frequency because of the risk of death. 23 It is unclear why the mortality rate is higher for those who exercise seven days a week than those who exercise three to six days a week. Too much exercise can have a negative impact on health, although it is unlikely to be a major reason for the U-shaped effect of exercise frequency. Studies reported that activation of ref1/nrf2/antioxidant defense pathway may effect on preventing oxidative stress resistance during vigorous physical activity, 24 and long-term strenuous exercise may lead to adverse impact on cardiovascular health. 25,26 Unmeasured or uncontrolled cofounders can be another explanation. In our study, 9.35% of people with DM and 6.61% of people without DM answered that they exercise 7 days a week. Only a small part of people did exercise every day, and they might be more worried about their health. A previous Korean study reported that people with DM had more regularly exercise than people without. 27 In our study population, people who exercise every day were more likely to have poor baseline conditions such as lower household income and larger number of comorbidities. We attempted to control the effect of other mortality risk factors, but there is a possibility of residual confounding factors.
Several limitations of the present study warrant consideration. A major limitation of this study was the relatively crude assessment of our explanatory variable, which was solely based on self-reporting by the participants. The measure was further limited by relying on subjects' response on physical activity and not assessing type, duration, and intensity of physical activities. A more precise assessment of these factors may have resulted in a different contribution of these factors to the reduction in mortality. Second, the NHIS-HEALS cohort was a random sample of individuals who participated in the general health-screening program; thus, it represents screened individuals, but not unscreened ones. Third, when we analyzed the association frequency of exercise with total mortality, we could not control for disease severity because we did not have information about glycemic control. Lastly, the participants' exercise frequency can change during the study period, but we did not evaluate the effect of changes in exercise habit on mortality. Despite these limitations, this study has important advantages because it prospectively analyzed a large sample of Korean adults and observed mortality events over a long-term period.
In conclusion, we observed that moderate frequency of exercise may reduce mortality, but the optimal frequency of exercise may vary depending on the diagnosis of DM. Our results support the encouragement of more frequent exercise in people with DM than those without DM.
